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Block 20 (cont.) 

stantial promise. The various approaches used have included the use of data 
relating to the Position Analysis Questionnaire (WhQ) as the basis for de-- 
riving estimates of the aptitude requirements of jobs. The PAQ is a struc- - 
tured job analysis procedure which provides for the analysis of jobs in terms 
of 187 job eleinents* using appropriate rating scales* The ratings on the 
individual elements^ in turn, can be used to derive scores on several job 
" dimensions (technically these are principal co^onents resulting from the 
principal component analysis of PAQ data for a sample off jobs.) 

Two methods of using PAQ^based data have been previously used in the job com- 
ponerit validity framework. One of these c ;asisted of the use of statisti- 
cally identified job dimension scores for inaividual jobs as the direct tesia 
for deriving estimates of aptitude requirements expressed in ^;erms of scores 
on nine aptitude tests* This method proved to be reasonably satisfactory^ 

The other method consisted of the use of ratings of the relevance of each of 
many human "attributes" to each of the individual job elements of the PAQ, 
This basic procedure consisted of the use of "attribute-based" data in com- 
bination with "job analysis." data for individual jobs as the.basis for de- 
riving estimates of the aptitude requirements of the jobs in question. In 
the previous research with this approach a limited ntimber of methods were 
used in combining the attribute data (the ratings on individual attributes 
for the job elements, or attribute dimensions based on these ratings) and 
the job analysis data (the ratings of the job elements for individual jobs or 
job dimensions based on such ratings). Previous research with such "attri- 
bute^based" data indicated that such estimates were reasonably valid for pre- 
diction of the requirements on cognitive teats ^ moderately valid with per^ 
ceptual tests # but not useful with psychomotor tests. 

The present study dealt with the exploration of various alternative methods 
of corrtDining the ^'attribute-based" data with the "job analysis" data to de- 
rive estimates of job aptitude requirements* Special attention was focused 
on the prediction of psychomotor test requirements. 

Twenty-one methods of combining these two sets of data were investigated. 
The findings generally confirm the results of the previous study using such 
attribute data in indicating reasonably satisfactory preaiction with cogni-^ 
tive tests ^ moderate pradiction with perceptual tests , and poor prediction in 
the case of psychomotor tests/ There were however, some variations in the 
effectiveness of the different methods in predicting aptitude requirements , 
with some of the methods being differentially effective in the prediction of 
such requirements with different types of tests* 
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INTRODUCTION 

Since tiie establishment of the Equal En^loyinent ^portunity Consdssion 
in 1964 ; the methods and practices used in the selection s^d validation of 
peEsonnel testing instruments have come'imder increasing scrutiny by both 
the federal government and personnel psychologists* The study of personnel 
selection instruinents is no longer simply an econoirdc md scientific 
matter, but has^ in recent years ^ become one of social, politiaal, and 
judicial importance. 

With the precedent set by the Griggs vs the Duke Power Company 
(Supreme Courts 1971)^ the personnel psychologist is no longer faced 
simply with devising test batteries which seem to work relatively 
well* He must now also be on a position to present evidence 
regarding the validity of these tests which is thorough enough to 
permit judgements by the courts as to the ability of the tests to 
make predictions concerning the future work behavior of enployees 
(Fincher, 1973) • 

Probably the most widely accepted means by which the prnzmnn^l 
psychologist can obtain such "evidence" is through the use of criterion 
relatGd validation procedures. Criterion related validation involves 
the determination that a significant relationship exists between 
(1) a predictor or set of predictors, e,g* scores on some type of 
test(s)^ and (2) a criterion, e.g. morm objective measure of performance 
such as the nun^er of units produced per hour, or. a more subjective 
measure of performance such as supervisory ratings. If criterion related 
validity is established, one would find that those individuals who 
have high predictor scores i do, in fact, show higher levels of job 
perfonnance than do persons who have low scores on the predictor* Thug, 
such a predictor or sot of predictors v.^ould be considered to provide 
valid estimates of the future job performance of job candidates • 

11 



Though en^irical criterion related validation procedures mght , 
be th^ most desirable approach for evaluating personnel selection 
instruinentSy Balnia (1959) notes that such traditional vali flat ion poses 
a niattier of practical, problems for the Industrial psychologists Among . 
these are I i 

(1) too few people on a particular job to carry out aji ampirical 
atudy, 

(2) insuffiGient time for use of the "follow-up" method of validation 
and at the sa™ tiiro resistance of en^loyees and unions to the 
"present employee method" of validation, 

(3) great variability of job content of jobs with the same title, 

(4) a rapid rate of change in job content within a given job, - 

(5) an increased number of j^s ntGessitated by automazation 
and computerization, 

(6) a shortage of professional personnel to carry out sua 
empirical study, and 

(7) the time and cost involved in a traditional validation ptudy* 
As a result of the difficulties caused by these and other problems 

associated with the use of traditional validation procedures, a number 
of authors have suggested that an alternative approach to validation, 
based upon the use of job analysis data, be used in those situations 
where empirical^ criterion related validation procedures are 
Ir^ractical* Lawshe (1952) introduced this alternative into the 
psychological literature under the name of "synthetic valdity." 
lawshe used the term to denote the "inferring of valididty in a 
specific situation." Balma (1959) expanded Law^e*s definition somewhat 
by stating that synthetic validity refers to an "inferring of validity 
in one situation from a logical analysis of jobs into their elements , 
a determination of test validities for these elements, and condpination 
of element validities into a whole, " MeCormiek (1959), referring to 
tlie concept i "indirect validity," notes that such a process requires 
the validation of tests or other predictors on jobs which have certain 
Gharacteristics in common, and the eKtention of these validities to ' 
simlar jobs* McCormick has subsequently renamed the concept "job 



component validity" in the hope that this would alleyiate any con f us i 
caused by ttia term "synthetic validlt^"™it is, after all^ not the 
yalidity which is synthesized, but is, instead, the test battery 
which is eatablishGd by synthetic means. 

Job Component Validity MethodolQgy 

A number of niethodologies have been developed for use with the 
concept of job component validity (Balma, 1959; Drewes, 1961 1 and 
McCormicH>...1974) . Each of these methodologies has-cettain advantages 
and disadvantages associated with it* 

Two methods I in particiilar, have been used with the Position 
Analysis Questionnaire (PAQ) '(Jeanneret and McCormck/ 1969; and 
Mecham, 1970). The PAQ is a structured job analysis instrument which 
provides for the analsyis of individual jobs inV,^t|j^ of each of 
194 PAQ .job elements* Most of the ,job elements prdvide for use of 
6--point ratings scales of the relevance of the job elements to 
individual jobs. C^ie of the methods consisted of the use of "job 
analysis" data as the basis for deriving eBtimates of the aptitude 
ruquirojtirints of individual jobs. As applied to any given job, this 
approach consisted of the use of scores for the job on several 
"job dimensions" as the direct basis for deriving estimates of the 
predicted "mean test scores" of a sample of job incumbents. These 
predictions are made in terms of the nine tests of the General 
^titude Test Battery (GATB) of the United States Training and 
Employinent Serviaa. The job ^.dimensions used in this approach are 
actually componento resulting from the principal components analysis 
of PAQ data for a ^^aiiipla of jobs... . 

Research thus far has indicated that this particular appraoch 
has v^orkod relative Ly v;ell in predicting aptitude requirements and 
thus V70uld seem to have considerable utility in ter™ of the concept 
of job component validity, Mccham (1970), however, has made the ; 
cwrJ^tant Hiat this approach does not provide very much "flexibility" 
in ?n 'oporiitional nense^ and has suggestod that other possible 
msthuds Myht provide greotor operation flexibility. 



The second job component validity method that has been e^qplored 
wi\>ii the PAQ is based on the usg of ''attribute data" as related to the 
job elements of the PAQ, The basic attribute data consist of the rated 
"attribute requirements 'V of toe PAQ Qlemnts , such ratings having been 
maae by psychologists for each of 49 "aptitud and. 27 '^situational" 
variables that have" been considered to be potentially relevant to 
the world of work. (The situational variables consist of descriptions 
of work situations to which job incur^ents pre sunmbly have to "adjust/* 
such as "varied duties," "dealing with people," and " working alone," 
Tliey are considered to have^Jimplications in terms of personality, 
tenperamantr and interest factors , ) The median ratings on these 
attributes for^y given job element comprise an "attribute profile" 
for that attribute. Given a particular job, it has been postulated 
that the use of "attribute^based" data in combTnation with "job 
analysis" data might serve as the basis for "building up" an estimate 

the total aptitude requirements for the job in question. Such 
a combination has involved the use of ratings on individual attributes 
and of "attribute dimensions" based on these ratings, and of ratings 
(for individual jobs) on the job elements and "job dimensions" 
based on such ratings. 

vniile such an approach would appear to be potentially useful 
as the basis for deriving estimates of aptitude requirements of jobs 
in a job component validity framawork, the results of a previous 
investigation (Mecham, 1970) have not been particularly encouraging. 
Although this approach was reasonably satisfactory in estimating 
requirements of cognitive abilities^ and moderately so for perceptual 
abilities^ it was not effective in estiinating psychomotor requirements. 
In exploring such an approach, however, thore "are various ways in 
which the "attribute --based" data mid the' "job 

be cdntoined to derive a "composite" estiiuite of requirements of various 
human attributes for indi%^idual jobs. 

" . ■ ....... m ..... 

Purpose of the Present Stud y 

The present study way dircctod towaruo the further exploration 
of the use of attribute ratings as the br^iA for establishing the' ' 
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job component validity of tests, in particular by using different 
nethoas of confining "attribute-baoed" data witJi "job analysis" 
data to form estiinates of the aptitude reguireitents of jobs, 
primary focus of this study related to the use of attribute data for 
deriving estimates of requirements for psycKombtor^tests ,-^sinoe the 
previous use of attribute data with suGh tests had proved to be 
ineffective* 
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Several distinct TOthods of arriving at job ability requirements 
ware explored. However^ in all Gaaei# the iame job sanple and eriteria 
were used. 

Job SaD^le ' \ 

The eaniple used in the present study was identieal to that used 
in an earlier investigation involving the Position taalysis Questionnaire 
and the estimation of job ^ility requirements via the job oomponent 
validity paradigm (Marquardt^ 1S74) , The original data pool consisted of 
over 8000 jobs for which PAQ analyses were availiblf^^^rom this pool, 
659 jobs were selected for which the U*S* Training^^^EmployTCnt Service 
(USTES) had normative and validity data on the GATB availible. These 
659 jobs actually represent 659 positions on 3-41 distinct jobs 
v/hich in turn represent 125 different sets of normative and validity 

data. The redution from 141 to 125 is a result of the fact that the 

. . .. t . 

USTES had previously determined that certain jobs were essentially the 
same in terms of their basic characteristics ^ and were tlius collapsed 
together in the reporting of the GATB data* 

Critarion Data 

Validation of a procedure used as part of a job component validity 
paradigm would ideally require the followingi. _ 

(1) empirical data indicating tJie types and levels of abilities 
necessary to perform each of the activities included on 

a job analysis device ^ 

(2) a job analysis which indicates the degree to which each of the 
activities inco^orated in the job analysis device is involved 
in the perfOCTnance of any job, 

(3) a method by which the job analysis and ability data can be 
combined to estimate the specific ability requirements of any 
job, and 
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(4) some form of objective data representing thci actual ability ' 
raquirements of the job with which to compare the ability 
estimates^ "derived in step #3* 
In the present study the "objectiva data" mentioned above were 
in the form of the General Aptitude Test Batt&ry nonnative and validity 
data which h^d been collected by the U,S, fraining and Employment 
Service. Such data had been collected for 450 distinct jobs; These, 
data include several thousand positions distributed over a large 
number of companies/ The data were collected as part of concurrent 
validation studies, and thus these GATB scores represent the scores 
of incun^cnt OTployees who had n^ been selected for the job as a 
result of their test scores. 

The primary assumption underlying the use of these data to 
represent the actual ability requirements c^: a job, is that employees 
tend to "gravitate" into those jobs on which they can achieve some 
reasonably successful degree of perfoCTnance (McCormick and Tiffin, 1974) 
Shartle (1959-h and Blum and Maylor (1968) report data which seem to 
lend soma support to this assumption* This assumption' implies that^ 
for any GATB test, the normative and/or validity data of the Incumbent 
employees on various jobs represent the relative importance to the 
job of that quality which is measured by the test. To the extent 
that the GATB data have not been influencQd by the preselection 
procedures used by the companies involved, and to the extent that the 
employees have indeed gravitated to jobs in which they can perfonn 
successfully (and thus mean scores based on these incumbents indicate 
the level of various aptitudes necessary for euccessful performance) , 
then the GATB data do represent the "actual" ability requirements of 
the jobs in the sample. \ ... ' 

In the present study tiiree different criteria based on availible"- 
GATB data were used. TOe first criterion used to evaluate the 
predictive effectiveness of the various component validity procedur 
used in estimating job ability requirements was the mean score on 
each of nine tests of incumbents on each of the jobs in tlie sanple. 
These tests were those of the General Aptitude Tests Battery (GATB) 
of the United States Training and Employment Service. (These tests 
are as followss G, goneraL intolligoncn i V, verbal ability; N, nmnerical 
a- .iityi S, spatial ability; form perception ; q/ clarical ability; 



K, motor coordination r F| finger dekteri.tyr and manual dejctarity, ) 
Since one mghu suggost that a mean score on a GATB test of incumbents 
on a given job does not adequately represent the mnimum lewl of an . ^ 
^ility nece sary for succapsful. job performance second criterion 
was utilised. This criterion was# in effect^ a "potential cutoff" 
score one standard deviation below the mm of the incurribents on a job. 
Such a value might then represent a more mnimum level of an ^ility 
neceasary for job performance. The third criterion used was the validity 
coefficient associated with each of the tests of the GATB. The validity: 
data provided a conceptual iy different source of criterion data as 
compared to the other two crtieria. 

....... w , ■ . ' 

Data Used as Predi ctorg^ v 
In the previous section concerning the critoria useid in the 
study ^ four stepo wore stated as necessary to establish the validity of 
a particular method for estimating the ability requireMnts of a ' 
paricular job. Step 1 through step 3 involve those procediires necessary 
to develop predictors under the job component mlidity paradigm, ^ 
As indicated earlier ^ ratings concerning the types and levels. of 76 
human "attributos" needed to perform each of the job elements of the PAQ 
were obtained as part of an earlier study (Marquardt, 1972) ^ Between 
8 and 11 raters rated each attribute * The median rating of each attributa 
as related to each of the PAQ job elements was used to represent the level 
of the attribute necessary to perform the particular activity denoted by 
the job element. . -. 

For each of tlie 659 jobs in the sample/ there were availible PAg 
analyses which indicated the degree to each each of the job elements 

of the FAQ was involved in the parformance of the job. In certain me, thods 

■ ... 

used in the study/ rather than using the ratings on Individual FAQ 
elements to represent the various levels on each activity , the individual 
ratings were tirans^forinod into job dimension scores which indicated the 

degree to v;hich a paruj cular category of behaviors, (dimension) was 

- -.- -_ . . , ........ . .. 

necessary to porfor^u the job in question, -J 

. The primary purpo^Q of this study was to explore the potential use 
of various iTOthocls which job analysis data could be contoined with the . 
attribute data to provide estimates of the ability levels necessary for 



. ■ .' ■. ' ■ ■ '"' ■ . . " . . ■ /' . 

? « ' . ■ ■ " ' ■ — ■ ' ■ . 'k 

. ^ .. ..... ... . , . .... .... . . ... . .. ... .. 

swjdassful job perfoCTianco* (Note that ^ in general terms i the "attributes": 

"abilities" dealt with in this study are mor0 technically referred ■ 
to as "aptitudes.") As part of the initial phase of this study, 17,. • 
ciifferent approaches ware used to' collect inforination for use in estiinating 



the ability requireTOnts of jobs, lliese 17 approaches aGtually represented . - 
21 distinct mthods of deriving job ^ility requirenient estimteaj^. 
Of these 21 TOthods, 18 derived estimates in ternis of individual human 
attributes. Thus they would give us scores in termE of such attributes 
as "verbal conprehension" or "static strength*" The other three methods 
yielded scores on "attribute dintensions" rather theai individual attributes, . 
Th& various methods used in this study are discussad below^ 

Cross-produGt methods using individual PAQ ratings and attribute data ^ 
Conceptually it would seem reasonal'ile to suggest that (1) given a particular 
attribute which has been judged to be of a spscified level of Importwce 
to a job element, and (2) given that each such job element has been rated 
as to its importance to the job/ tlien by coTrbining these two ratings^ 
we could get some indication of the degree of importance a particular 
attribute has for a given job* Multiplying these two forms of information 
as relating to any individual job would seem to be a logical way to 
"coi^ine" tiiese data* Assuming that such cross '-product scores are 
j^aningful when considering a single job eleinent and attribute contoination , 
the question then arises to hov; one might evaluate the importance of 
a specific attribute when a nuntoer of job elem^'nts are involved in the job* 

FoF each of the 659 jobs in the sair^jle, three cross-product matrices 
were coi^uted^ and information from each of these was used as the basis 
for estimating the job ability requirements of each job* For any given 

= .... . . . ., . . • ' . ■ . . ■ ' ■ .. - - . 

job,, the first such matriK (fULLXP) cdnsiE^ted of the cross --products (XP's) 

of the job analysis ratings on 182 job cOnmnts as related to the job, 

and the median ratings on each of those elei:.ont'i_wn 49 aptitudinal attributes. 

Table 1 presents example derivations of thu FUIil^x;? matriK as well as 

the other two matrices , using five hypo Uhati col elements and four 

attributes- 



1 Twel^ PI\Q elements were omitLsJ because they ^thto "opan-ended" or 
because they deaJt with pay/inaDiiij * 
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For each of the 659 jobs in the sample^ there existed a FULLXP 
matrix, conrputed for 182 30b elements and 49 attributes , Using this^ m 
tlie followlng'^informati^^was on each job for each attribute i 

- " / — Method 1# the sum of tiie, cross-products (SUMXP) . ^ 

-^-Method 2f tile mean of tte cross-prc ducts (iffiANXP) ; 

— Method 3^ the ni^er of XP's'abova the grand mean XP where 

: the grand mean XP^ E^ZjXP/N, where 1^1/.. ,182 job elements, - 
j-lr--.659 jobs in :the sampljB, and X .659 (MOVE) 

--Method 4^ the number of XP's below the grand mean (BELOW) 

^-Method 5^ tlie ratio of MOVE/BELOW 

—Method 6, the percent of XP's which fell into four of five quint ile 
q^iintile 2 {6a)^ 5*S--10/0 (PCT 2) ; ciuintile 3 (6a)s 10,5- 

15,0 (PCT 3) r quintile 4 (6c)- I5.5-20VO (l^CT 4) ; aii^ . 

quintile 5 (6d)^ 20.5-25.0 (PCT 5) 
^ "Method 7^ the sum of the XP's only for those attribute'-element 
pairings where the PAQ job analysis rating- 5,0 (SUMS) 
—Method 8^ the mean of the XP' s only for. those attribute-element 

.pairings where the PAQ job analsyis rating" 5,0 (MEM5) , 
A second cross-product inatrix (RlXP) was also coir.putad for^each of 
the jobs in the sample. This rnatrix was ^ in effect, an abbreviated 
version of FUL3LXP, In computing the RlXP matrix/ cross^-prnducts v;ere 
obtained for a particular attributeT-element ^pairing only i f the PAQ 
job analysis rating for the element involved was aboya a etpscified 
value, Tnis value was the mean job analysis rating for tlMt element 
as computed across all 659 jobs in the sample. In Table^ 1 the mean 
ratings for the five hypothetical job eleriants are 2,5, 2,0^ 1*5, 
1,5, and 4,0 respectively . Using. this matrix, the follovring information 
was obtained on each job on each attribute f ■ 

—Metiiod 9, the sum of the cross-^products (RlSUfl) 
^--Method 10# the mean of ttie cross--produGts (Ri rurT^^^V . 
The final cross-product matrix (r<2xP) computc^d foi- c^h job v^as : 
a further abbreviation of FULLXP. In confuting R2KP 2f or oarrh job, 
minimal standArds were set for both the attribute r..l.iijy«:^ :;.'id the job 
analysis ratings before a cross product was actualiNr cairrut^d, Th^ otandard 
usod for the job analysis "ratnngs wor the ^im^ as th.j; lo: th^^ ?axP matrix^ 
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while the standard set for the attribute ratings vms the inean 
rating for each attribute across all 182 PAQ Job eleirents used in 
the study. For the four h^othetical attributes inelud 
these ctean ratings are listed horigohtally in the B2KP portion of 
thm t^le*^ey are 2. Of 1*0^ 2.0, and 2;5* Ihe cross-product between 
a particular attribute-eleTOnt pairing was only if both 

elenent and attribute ratings met the specified standards. Prom this 
R2XP inatriK/ the following information was obtained on each job on 
each of the 49 attributes i 

"MetJiod 11, the sum of the cross-products (R2SUM) _ 
/^--Method 12 , the ma ^ of the cross-products (R2MEM) 
"Method 13, the nuntoar of XP's actually computed (R2NUM) . 
The rationale behind the use of these three types of matrices 
is relatively straight forwardy Information obtained from the FULMP 
matriK represents estimates of job ability requirements which 
conceptuali^a ability levels as being influenced by the level of a 
particular attribute on each of the 182 job elements of the PAQ 
(infOCTiation obtained only when PAQ ratings- 5,0 is an eKception to 
this statement), RlXP represents a mathod by which estimates of "joB^' 
ability requiraments are made on the basis of information related to 
only the most important elements in the job; toility levels required 
for the performance of tmimportant job behaviors are ignored. The use 
of the final matrix/ R2XP, takes into account the fact that, whilev 
particular abilities might be needed at some minimal level in order 
to perform most activities (^d thus most individuals posses at least 
this minimum level) I only when the level on a particular, job exceeds 
this value, does this ability for that behavior enter into the 
estimation of job ability requirements* ^ 

/ V MetiiQds using- attributa dimension data . Two sets of Q-type 
attributa dimensions were used in the present study, Marquaidt (1974) 
extracted- 23 attribute dimensions based upon a type principal „ 
conponents analysis of the elemants in each of the six major divisions 
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of the PAQ and the ratings of these elements across 71 aptitudinal and 
situational attributes. As part of the present study , a now Fiet of 17 
aptitudixial attribute dimensions were developed using a pw^^^^ 

to thiat used by Marquardt (1974) but involving only 49^^^^ : : ■ 

. attributes. It was felt that euch diinensions based solely on aptitudinal 
data would provide a better means for predicting the "^titudinal^^ tests ^ 
of the GATB. 

Using these two sets of attribute dimensions, it was possible 
to generate aji attribute score for any of the 20 attributes to be used 
in the study* Only 20 of the 49 attributes were used directly in 
the study since some of the attributes on the original list of 49 
did not closely "match" the types of aptitudes tapped by the GATB . 
tests. The scores on the attributes resulted in a job attribute profile 
for any given job* These prof iles were generated' using a three step 
procedure! 

(1) the development of dimension attribute prof lies , For each 

: of the attribute dimensions (23 or 17) a profile of scores - 

across the 20 attributes was derived. These profiles consisted ; 
of the component scores of the 20 attributes as "derived from - 
loadings of the job elements on the dimensions* The result 
of this process was that, for each of the 23 or 17 dimensions, 
there'existed a quantitative value for each of the 20 attributesyi&ri 
. these values being considered as comprising the attribute 

profile for that dimension^ . ? 

(2) the development ;of job; dimensi^ _ : _ 

scores were derived for each of the 659 jobs in the sample ' 

on each of the 23 or 17 attribute dimensions* These dimension ' 
scores were in effect component scores in which the loadings 
of the job elements on each dimension and the- ratings of the 
elements as they^related to the specific job in question : : 

produced a score which reflected the involvement of the job 
in the job elements that dominated that dimension; ^ 
C3) the combination of attribute dimension profiles and job 

dimension scores. The above procodures give us an attribute 
dimension profile for each of the 23 or 17 attributQ dimensions 



an attri.bute dimension profile as well as a dimension score for 
any given job on each of the 23 or 17 dimeniions* For any given. job 
a job attribute dimension profile can bederived by taking the job 
dimension scores for each job and multiplying those sooree across the 
Valuer in the appropriata attribute dimension profile, and. summing the 
resulting cross-product values for each attribute* This was done 
for each of the 659 jobs in the sample (see Table 2)* 



Table 2 

Example Derivation of Job Attribute -Dimension Profiles: 



Attribute Dim^insion Attribute Dimension 
Dimension Score Profiler Attributes 

1 2 3.. j.20 



Cross-Produot Values ! 

Attributes 
1 2 3- . , ,20 



1 
2 



a 

1 



5 
0 



4 
4 



10 
0 



2 
2 



23 or 17 



20 15 ID 



job attribute dimension profile^ 25 23 20 14 



One yat of R-type attribute dimensions was used in the present 
study. Marquardt (1973) eKUracted seven attribute dimensions based 
upon an Retype. principal comppnents analysis of 49 aptitudinal attributer 
and the ratings of each attribute aoross 102 PAQ job elements. Scores 
ralating to these attribute dimensions were used to predict the GATB 
criterion data ^ ami .v/ere also, used in conjunction with scares on the 
Q-'type dimcan&ions in similar analyses. Dimension scores, for these 
seven attribute: dim<in3ions wore developed in -a two step^ process i : . - : ~ 

(1) the dovcOopmont of element dimension values; These values 

woKo, in effect, the SCO re .n of the 182 job elements as derived 
froin thu laadinys of oaoh.-Qf the attributes on the seven 



dimensions and the median ratings of each of the 182 elements 
onxthe appro^iate attributes within each. ..dimension. The 
result of this process yielded a vector of ■'dimension values" 
.,._: for^ Mch of t^ job elfiments. 

C2) the development of attributrdimMsion scores. An attribute- 
dimension score was derived for each of the jobs in the 
sample for each of the seven Retype attribute dimensions. ■ 
These scores were derived by multiplying the PAQ job analysis 
ratings across the appropriate eleinent dimension values for 
each element (see Table 3). 



, Table 3 

Example Derivation of R- type Dimension Scores 



PAQ Ratings ^ - ■ Element Dimonsioirvalues Cross -Product Score 

■Based on Analysis for: Dimensions : , , , Rating x Value , - 
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The eombination of R-typft and Q-t ype flttributo DimQna-fnn n;.t.^ 

The 17 new Q-type attribute dimonBlons were combined with the 
Rr-type attribute dimension, data to form job attribiSto dimension values . 
The job attribute _dimenBi from a combination of V ^ : ^ 

the loadings on the PAQ job elements associated with the Q-type attribute 
dimensions and the element dimension values as derived for the seven 
R-type attribute damensiona (sae Table 4) . The attribute dimension 
values were then multiplied- by the appropriate Q-type attribute 
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dimension scores and were then siutmed for each of the seven R-t^e 
dimensions across the 17 Q-typm dimensions to fom a set of job attribute 
dimension values, 

' Table 4 ' ' 
Example Derivation of Job Attribute Dimension Values 

Dimension K Element Dimension Cross-Produet Values j 
PAQ Element Values ^ Dimensions. ' DimensionB 



Loadings 


1 


2 


3 


4 


5 


6 


7 


1 


2 


3 


4 


5 


6 


7 


#1 




3 


1 


0 


0 


4 


2 


0 


1.5 


0,5 


0.0 


0,0 


2,0= 


1,0 


0,0 


#2 


oa 


1 


1 


2 


4 


0 


3 


1 


oa 


0*1 


0,2 


0,4 


0,0 


0.3 


0,1 


#3 


0,9 


2 


2 


3 


1 


1 


0 


0 


1,8 


1,8 


2,7 


0,9 


0,9 


0,0 


0.0 


#182 


0.6 


5 


1 


3 


1 


0 


0 


p 


3,0 


0,6 


1,8 


0,6 


0,0 


0,0 


0,0 




attribute 


dimDnsion 


values* 


6.4 


3,0 


4,7 


1,9 


2,9 


1,3 


0,1 






for 


dimansion 


X 



















The use of t\m attribute dimonsion data provided us with information 
based upon much larger unito of worker behavior than did the use of 
individual PAQ job analysis ratings and attribute ratings.. From 
these attributQ dirp/jn^iions the following data were used as estimates 
of the job ability rcquiremunts for each job in the sample i 

^-■^Method 14, job attribute dimension profiles based upon 

(14a) Marquartlt 's 23 attribute dimensions, and (14b) the 
new 17 attribute dimnnriions 
Method 15, diMt»nnion fseores based upon the 17 new dintensions 
—Method 16, dimrnsiou scores on the seven R-type dimensions 
"Method 17, job attribute dimension vaJues based upon the combination 
of the 17 u Q-"tyi>ci o!id .^eve H-type attribute dimensions, 

' ■ - ■■ ■ ^ ■ ■ 27 . 



T^e msthads of estimation used in the present study be 
viewed as representing essentially foiir different "models" for estimating 
job ^ility requirements. IH^o of the models are concerned with "how much" 
Inforaiation is to be used in deriving ability requirement estimates, 
while the otoer two models relate to the con^pleKity of the information 
used for making such estimates. In the first case one might conceptualise 
ability requirentents as being determined by the degree to which a particular 
ability is required for each of the various work behaviors represented 
on the PAQ. Viewing the matter in such a way would inply ttat ^ility 
requirements are a result of a cumulative process." Given the 182 job elements 
of the PAQ, whether or not a particular ability is needed for successful 
job perfDrmajice depends upon the "cumulative" imj^rtanca of that iJDility 
across all of the PAQ job eleTOnts/ This would represent the "cumulative" 
model of job ability requirements* ^ 

One might also suggest that ^ility requirements depend 
instead, upon the level of a particular attribute which is necessary 
for only those work behaviors which have been judged most crucial to 
the job* If for instance, one has a job in which the only important 
job behavior is "using written materials," the degree to which 
various attributes^{e:gr"vefbar"c^ 

are nocesaary for successful job performance wouid depend upcn the 
degree to which the various attributes are necesssary in using ^ 
of the other 181 ^job elements, lliis would represent the "critical behaviors 
only" model for estimating^job ability requireTOnts. 

Another aspect associated with the estimation of job ability 
requirements Is the degree to' which ^^rnicro " versus '¥,iacro" information 
about the jobs are used as the source of that estimation- In the 
present study , "micro" sources of information refer to the data for 
the Individual job element ratings and the Individual attributes 
as related to these job elements for the estimntion of job ability 
requiroments. The most commonly used mothod for combinincj these two 
aources of information has been to compute a cross product (KP) between 
the individual element job analysis rating and the attribute ratings 
associated with each element, This method was used in the present study. 
The inforTr.atlon gained from the use of such croGB products is "micro" 
in the sense that we are dealing with spuciCic oltiinrtnt-attributG / 
pairings representing specific work bGhaviors. : 
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On the other hand, job analysis and attribute dimonsion scores 
provide us with a fom of "macro" Information in that such diniensions are 
concerned with much more general classes of work activities. PrGvious 
studies using P^Q data in a job qomponent validity paradigm have tended 
to rely heavily upon macro sources of job information * v/hile the use of 
micro infoCTiation might well provide the greatest long term benefits* 
The present study tasted the relative effectiveness of micro and macro 
sources of information for use in the estimation of job ^ility requirenents. 
Appendix A presents^ the 21 distinct TOthods of estimation used in the 
present study ^ as well as the "model" they represent , the abbreviation 
for each method used in this report^ and a brief description of each 
method, 

p hase I-""-Ini.tlal Analyses 

Twenty of the 49 aptitudinal attributes were selected for use 
in the initial phase of the analysis* Since the gatb tests covor only 
a limited nunUjor of ability areas, those attributes which seemed 
most closely matched to abilities included in the GATB ter*ts were 
.\ised,_^e_yri.teria^used^in_t^ie^nltiaL^pha 

the mean test scores on the nine tests of the GhTB, as well as t'he 
potential cutoff scores for those same nine tests. Earlier research 
(Meeham/ 1970) had shown that prediction of validity coefficients was 
not particularly successful, aiid thus it was decided they wouJd be 
used as criteria only after a nmi^er of tlio best methods for estimation 
had been selected. 

Scores on thG 20 attributes as derived by each of the various 
methods were correlated with both" the mean and potential cutoff scores 
for each job on each of the nine tests of the GATB, These correlations 
between GATB data and attribute scores were transformod uoing Fisher's 
^-transformation so that they could be compared to one another using 
analysis of variance techniques. The GATB tests were then divided into 
three oategories I (1) cognitive (G, general intQlligencei verbal 
ability^:- and N, numGrical ability}! (2) percGptual (S , spiiUial abilityi 
P f form perception I and Q, clerical perception) i and (3) jssychoriiotor 
IK, motor coordination; F, finger doxterityi and M, manual dnHlority) , 
LikowisG the attributes wcrG divldud into three eJmllar aatcgorit , 
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If the methods used to estimate jop ability requirements were accurate, 
then cognitive attributes should have high positive correlations with 
the data from the cognitive GATB tests. Similarly, this ralatianship 
should hold between the perceptual attributes and the perceptual GATB 
tests, and the psychomotor attributes and the psychomotor GATB testa. 

Since it would be possible for a particular method of estimation 
to accurately predict cognitive abilities while not doing nearly so 
well in predicting perceptual and psychomotor sbilites^ the various 
methods of estimation were compared to one another in temis of 
their effactiveness in predicting each of the three separate categories. 
Also, multiple regression analysis was carried out in order to compare 
the various methods in terms of their multiple correlations* From 
the data provided by these initial correlations between the attribute 
scores and the GATO test data (this included the multiple correlations 
between GATB data and the various attribute dimension scores) , a 
number of methods which seemed to provide the ^'best" means for 
predicting job ability requirements were selected for use in the 
later phase of the analysis. 

Phase II — use ol J/aIidity^Data^.and.- Ad justment 

In phase two of the study, those methods for estimating jdb ability 
requirements which were deemed "best" among the numerous ones included 
in the initial phase were used in conjunction with two "new" criteria. 
First, scores derived by these methods for various attributes were 
correlated with validity data associated with the nine tests of the 
GATB. 

Secondly, in phase two an attempt was made to deal with the 
problom associated with the criterion data used in this and previous 
studies, i.e, the GATB moan and potential cutoff scores. Adjustments 
were made to the criterion data in an attempt to take into account 
the high Intercorrelations found between the mean cognitive and 
psychomotor GATB test scores* These adjusted scores wore then used 
as a "new'' critDrion along with the validity data discussed above. 
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An initial phase of the study dealt with the development of 
new attribute dimensinns based on Q-typa principal coirponents analyses 
of thf : six major divisio PAQ. Methods of -astimating -job - 

ability requiraments based upon these and otlier attribute diTOnsions^ 
as v/ell as cross-produot data from the individual job analysis ratings 
of the PAQ job elements, and individual attribute ratings on these 
job elements were used in a job component validity paradigm. The 
results relating to the effectivenss of these various iMsthods for 
estimating job ability requirements are presented in this section. 

Principal Components Analysis Using Aptltudinal Attributes - 

In developing schemes based upon nmcro information for use in 
estimating job ability requirements, principal cQmponents analyses 
^ were carried out with the job elements within each of the six major 
divisions of the PAQ. Q^type principal cotnponents analyses were* 
carried out using the correlation matrices computed using the 49 
aptitudinal attributes and those elements in each of the six PAQ 
divisions. 

In each of the six analyses, the diagonal elements in the 
corrolation matrix were set to 1.0, and extraction of "components 
terminated when the eigenvalues dropped below 1,0. The six analyses 
resulted in a total of 17 principal compononts. Descriptions of the 
17 components are given in Appendix B. ^e job elements which received 
loadings on the various components of *45 or greater are presented 
in Appendices C/D,E|F,G, and H. 
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Estimat ion of j6b Ability RGquireTOnts 

A total of 21 diferent methods of estimating job ability 
requiremonts wore used in this study. Eighteen of these methods 
produced estimates in terms of "attributo scores,-* i.e, for each of 
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the 659 jobs in the sample, a scors was derived for each of the 
20 aptitudinal attributes , this score being computed using each of 
the 18 methods. Two methods produGed estimates of job ability requirements 
in terms of "dimension scores," %n these cases, for each of the 659 
jobs in the sample, there were derived seven dimansion scores 
(one for each of the seven R-type attribute dimensions), A final 
mathod also resulted in the derivation of estimates of ability 
requirements in terms of 'mmension scores However, in; ^is case / " 
there were seventeen scores derived for each job (one for each of 
the 17 new Q-type attribute dimensions). Criteria data used in this 
study included the mean test scores and potential cutoff scores of 
incuntoents on jobs in the sample for the nine tests of the GATE, 
Validity coefficients associated with each of the nine tests for 
each of the jobs in the sample were also used as criterion data. 

Correlational analy sis. For 18 of the 21 methods of estimating 
job ability requiremonts, correlations were obtained between the 
attribute scores on each job for 20 attributes (AppendiK 1 ) as derived 
by each of the 18 methods, and the mean tests scores and cutoff scores 
on the nine tests of the GhTB for incunfcsrits on each of-t:he-65Q 



jobs in the sample. Three of the twenfcy-uuo Mthods used attribute 
dimension data as tlie basis for estimation of job ability requirements 
of the individual jobs, rather than scores on the 20 attributes, 
and thus were omitted from this part of the analysis. 

In no instance did correlations between attributa scores and 
the criterion of potential cutoff scores differ by inore than ,03 higher 
or lower than corrolations between attribute scores and the criterion 
of mean test scores. Therefore, in the remainder of this text, data 
reported will be only in terms of the mean tost score dnta. Also note 
that in computing mean corrrelations between GATi'i test data and 
attribute scores as derived by the various methods, only thofie 
correlations involving attibutes which were felt to closuly "ifiatch" 
the individual GATB tests were used in the computation of the mean 
(Appendix I ), This was the'^ case in all of the analyses carried out as 
part of this study. In Tabic 5 are presented the mean correlations ^ v 
(Fisher's ^-transformation) for oach of the IB mc*thodG coninuted 
acrons all. of the tests within ecich of the four niajor n^'tdtjorlns of 

. . . 32 ■ ■ : . 



22 



the GATE tests, i,e, cognitive tests (3=G,V,N) j parceptml tests 
(3-^S/P^Q)i the TOtor coordination test i and psychomotor tests 

(2-F,M) . Since correlations relating to the GATB test K were considerably 
different from the other two psychomotor tests (F ^d M) ^ the mean 
correlations associated with t^his test were reported separately. 
From Table 5 note that while attribute scores derived by a nuB^er 
of ii^thods correlate relatively well with the cognitive tests, 
correaltions for the perceptual tests were only moderate, md those 
for the psychomotor tests were extremely low. Correlations, associated 
with the GATB test K were often negative In direction. 

Multiple regression analysis * For all 21 methods/ multiple 
correlations were computed between predictors CestirRates of job 
ability requiroments) based on the 21 TOthods* and the criteria of mean 
test scores and potential cutoff scores of incumbents on jobs in 
the sample for each of the nine GATB tests. Again, due to the"¥imilarity ^ 
of results between the mean score and potential cutoff score data# 
data are presented only for the mean score criterion* For each of 
the 10 methods which derive prediction scores in tems of the 20 
individual attributes 7" those attribute^ which seem to most^closely 
mat-uh the abilities tapped by the individual GATB tests were used 
as predictors in the multiple regression analysis (AppendiK J) , For 
the tv.^o metoods which provide estimates of ability requirements in 
terms of scores on tiie seven R-^type attribute dimensions , all seven 
of the dimension scores were entered into the equations. The final 
mbthodprovidGd predictor scores in terms of tiie 17 Q-type attribute 
dimensions, and thus all 17 of the dimension scores were entered into 
the rogression equations. The multiple correlations (z-transformed) 

botween the various predictor scores and the ifvean scores of job 

. = '' '",,1 

incumbents on each of the nine GATB tests are given in T^le 6* 

Escc'ept for methods PCT2, SUMS, and hffiMS, multiple correaltions 
bntwoon predictors and the criterion of mean test scores were quite 
good for the G and V tests. Multiple correlations based on predictors 
from the attribuuG dimGnsionr.data were quite high for the N,S,P,Q, 
and K tests. Multiple correlations f''^^ the F and M tests across all 
mGthofls of estimation wore quite Ic * 

S3 
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Comparison of "cuinulative" vs '-critical behaviors only" mathods 
of estimation . As described earlier, those methods using data from 
the FUmcp matriK (except SUMS and tffiMS) represent a modal of 
predicting the required level of any given ability for a particular, .job 
as being influenced by the cumulative iirportance of that ^ility 
aorosa a large nuit^Gr of job elemonts. Those methods based on data 
from the matrices Rl» and R2XP (ns well as SUMS and mmS) represent 
a model for predicting job ability requiromGnts which views the 
requiremonts as depending upon the importance of a particular attribute 
only as it regards the most critical work behaviors found on the job* 

The methods were divided into two groups acGording to this 
distinction,' Using'individual corrGlations between attribute scores , 
as derived by the various mpthods on each of the 20 aptitudinal attributes 
and the mean test scores of job incumbents on each of the nine GATB 
tests, a one way analysis of variance was carried out between the two 
groups for each of the four conceptual divisions of the GMB (cognitive, 
perceptual^ motor coordination, and psychomotor) • The results of this 
analysis are given in Table 7. . . 

The mean correlation between cognitive attribute scores and 
cognitive GATB test data "for air the jobs in the sample~as ba¥ed upb 
the cumuLative methods of estimation (r-,16) was significantly higher 
than that based upon *'critical behaviors only" methods (r-,09). 
The reverse was the case whan considerinf the relationship between 
perceptual attribute scores and perceptual GATB data* Mffd ttedly , 
the statistical significance of the mean differences is due largely 
to the sample sizes involved. Practical significance is lacking in 
both instances. Neither cumulative or critical behavior methods 
adequately estimated ability requirements for the psychomotor tests 
data (F and M) , and both models of estimation produced negative mean 
correlations when considering the GATB motor coordination test. 

In an attempt to clarify the above inconclusive results, a one- 
way analysis of variance was carried out between the' two models of 
estlmationi this time using the multiple gorrelations on the mean scores 
of the GATB test for the various mathods in each of the two models 
as the basis of the analysis. The resultH of the analsysis are presented 
in Table 8, V/hen considarJng tha ni\iH;iplu yorrelfitions across ajl nine 
GATB tests, the two models oC predicljion were nol yigniCicantly 
dif forent. 
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Table 7 

ANOVA Based Upon MGan CorrGlations for 
^'Cumulative" and ^'Critical BGhaviors Only" 
Models for Deriving Job Ability Requirement Estimates 



GATD Test Cumulative Critical 



Categorios 


Mean 


SD 


N 


Mean 


SD 


N 


df 


P-ratio 


P 


Cognitive 


as 


.18 


216 


,09 


.08 


168 


1,382 


22,47 


.01 


Perceptual 


.02 


.14 


162 


,10 


*12 


126 


1,286 


27*08 


,01 


Mot* Coord, 


-.11 


,15 


54 


-.02 


.11 


42 


1, 94 


8,77 


.01 


Psychomotor 


.04 


.05 


108 


.00 


,04 


84 


1,190 


8,02 


,01 



Toblu 8 

MOVh Based upon Multipla Correlations for 
"Cumulative'' and "Critical Bghaviors Only" 
Models for Deriving Job /ability RequiremGnt Estimates 



Treatment group; 
Sample ^ize i 
Hean: 
SDi 



Source 



Between groupE 
Within groups 
Total 



Cumulativo 
01 
,36 



SS 



,1317 
5.72C5 
5.05B2 



df 



1 

142 



Critical Behaviors Only 
63 
.30 
.17 



M£ 



.1317 
,0403 



3.2647 m 
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Co mparison of "micrQ*^ vfi '^macro" sources of job inffozmation . 
The cumulative and critical behaviors only methods usocl in the above ^ 
analysis reprasent "micro" sourcas of job information. In .contrast to 
such methods are those "macro" methods of estimation based upon 
attribute dimansion data. These two groups of methods, i.e, micro vs 
macro methods^ were compared aa to' their relative effectiveness in 
estimating job ability requirements. For each method in each of the 
two groups ^ there had been obtained multiple correlations betv/een the 
predictors derived by each particular method and the mean test scores 
of incumbents on the jobs in the sample for the nine tests of the GATB, 
These multiple correlations were used as the basis for ^a one--way 
analysis of variance between the two groups. The results of this 
analysis are given in Table 9* 

Table 9 

ANOVA for "Micro" Methods and "Macro" Methods 
of Estimation of Job Ability Requit^emGnts 



Treatment group i Micro Method Macro Methods 
Sample sizci 144 45 * 

Means -33 ,61 

BDt .20 .21 



Sourco SS df MS F 

Between groups 2,74 1 2,74 00,31** 

Within groups 8,50 107 *0D 

Total 11,25 180 

** p less than ,01 

VHien considering all nine tet^Us of tlio OATU, ihnrn v/^in a vnry 
dramatic difference botwoen the two groups. MothodM haciad upon macro 
sourcGs of job information did nignifieantly bntif.'r than thosn u^ing 
micro sourcas of job informatioiu nowevar^ neithor gj:ouj> ilid wall in 
predicting the job ability requirumcmts aMriociatud with iMa V' nud M 
tests of the GATO. 

■ 37' ■■ 
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SGlection of mQthods rpr ui3a wltih valjdlty data and adjustod 
mean tost SGoros . Oiily those mothods for which scores on oach of tho 
20 individual attributci; could bo obUninod wGrc conoiderod for use in 
Phase II of ".he analysis, in which validity data and adjustod GATI3 
test score data wore usud. It v;n£j originally anticipatod that such 
methods would have a grontur lonfj torm benefit in torrr.s of the 
floxibility and scope ol Liny uperational system using the job component 
validity paradiom. Since it liad already been shov^n that there were, 
indeed, differences ainong the various muthodo in terms of their 
effectiveness in estimatjna job ability requirements, Nev.'man-Kouls 
tests for the difreronces betwocri all posible pairs of means were 
carried out for each of the four conceptual catagaries of the GATB data. 
The mean correlations botwcon the attribute scores and the mean scores 
Of job incun±>ants on the nine tests of the GATB were used as the basis of 
these analyses. The results of tht^sr* anal^^sep are given in Tables 10, 
11,12, and 13. Four TOthoa^l, mmm, /PJAnxp , KM JADP , and XMl"^ were 
found to consistently ratik near t..c toj> oi the list of 18 methods in 
terms -of -their mean corruluti ui a; . hr e3c iV of "the four "tost categorieiV''W3 
were in many cases significant, y different from those methods ranking 
below them,. As a result, tho .o rour methods were selected for use in 
Phase II. * 

Prediction of validjt y noc f Cicjcntrs . Correlations between scores 
derived on the various attribnte^i and the criterion of validity 
coefficients for each of the sample jobs as^u^^.ated with the nine GMB 
tests were obtained. Mean corrol.ntions for thn four methods of estimation 
in terros of the four categories o!l the GATS t'-n-ts are presented in 
T^le 14, The mean correlntions v^nre extremely low^ thus indicating that 
no method had potential utility for predicting the criterion of 
validity coefficients. 

Adjustment of crita rion_dajui. In order to take into account the 
rather high intercorrelationa boL. ^en the mean GATB test scores of 
incumbents on jobs used in the prw^oJo, a method was ncGded which would 
enable us to determine the degrc o ro whnch thuse high intercorrelatlons ^ 
had resulted in the mean ti Si: oiTc ^ b^Jng inflated (or perhaps deflated) 
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■ ■ - ■ Table -14 " 

Mean Correlations Between Attribute Scores and the Criterion 

of Validity Coefficiente for Four Methods of 

" ■ ' ■ ■ -. ' ■ ■ ■ 

: Estimation on Four GATB Test Categoriae 



Method 


Cognitive 


CSATB C 
Perceptual 


ategory 
Motor 


Coordination 


Psychomotor 


XMJADP 


.08 


,03 




-,04 


-,12 


XM17 


.10 


,06 




->.06 ^ 


",05 


R2MEAN 


*06 


,07 




-,03 


-,03 


WEANXP 


,12 


--^"^ ; ,12 V 




-,05 


,02 . 



from what they would havd bben had the intercorrelations of the mean 
test scores had bean relatively the sama as those for individual test 
scores (Table 15) . To do this, two sets of regression equations. were 
calculated for each test of the GATbV with the other eight tests being 
used as predictors of the particular mean test score. One set of 
equations was computed using the intercorrelation matriK of the mean 
scores on the GATB tests as calculatod from the sample data on 659 job. 
The second set of equations was computed using the intercorrelation 
matrix as calculated from the "population" data based on test scores . 
of individuals on approKimately 23,000 jobs. Thus for each GATE test ; 
thert existed a sample regression equation and a population regression 
equation n^de up of the bota^weTghlF^for the other eight tests being 
used as predictors (see ^pendix K) , . 

For each of the 659 jobs in the sample; predictions on the motor 
coordination, finger dexterity , and manual dexterity test scores 
associated with that job were mnde, one using the sample regression 
equation and the other_^sing the popula^ ^ 
"difference" score was calculiitcd betwcon the two predictions for Bach 
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Table IS 

Population and SOTple Tost Score 
IntGrcorrelationg foy Nina GATB Tests 



Population data i individual test score ^N^iS, 000 

Tent' G V N s P Q K P M 

Q \ ' 1.00- - ■ - ' , -.- 

V -84 1,00 V 

N .06' ,67 1.00 

S .74 ,46 ,51 1.00 

P .61 .47 ,58 ,59 1.00 - 

Q .64 ,62 .66 ,39 .65 1.00 

K ,36 ,37 ,41 .20 ,45 .51 1,00 

F -25 ,17 .24 ,29 ,42 ,32 ,37 1.00 

H - *19 ,10 ,21 .21 .37 .26 ,46 ,52 1,00 



Sample datai moan; test scores for incun^ents^ N»659 jobs - 

Test G V S P. Q K • F M 

V .93 1.00 

N .97 -89 1,00 '^"""\ 

S ^ _ -89 .71 .83 1.00 ' \ 

P ,83 .73 ,83 .83 1.00 

Q -81 .87 ,82 -62 - 84 1 . 00 

K -76 .83 .78 -59 -81 ,90 X.OO 

;F ,59 ,55 ,61 ,56 ,76 ,64 ,71 1,00 

M ,41 ,32 ,45 ,46 ,61 \46 .56 ,70 1.00 
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job ori aach of the three tests. The actual mean test score for a 
givenjob on a given GATE test was adjusted upwards by that amount 
if the sample predidtion was less than the population prediction^ 
or was adjus^-ed downward by that differenGo if the sample prediction 
was higher than the population prediction. Correlations between 
attribute scores and tho adjusted gatb mean test seoros ware obtained 
in a manner similar to that used in the initial correlational analysis 
using the imadjusted mems. Presented in T^le 16 are tho meaEi 
eorrealtipns for the four estimation methods used in Phase 11, in 
terms of both adjusted and unadjusted mean test scores! ^ \ 



T^le 16 ; ' 
Mean Correlations Between Attribute Scores and the 
^ Criterion of Adjusted and Unadjusted Moan Test 
Scores on Three GATB Tests . ' 



Test 



K 



M 



Method 


Adjusted 


Unad j usted 


Adjusted 


Unadjusted 


Adjusted \ 


Jnadjus 


R2MEAN 


.10 


.06 


\ 04 


.08 


,07 


.08 


^EANXP 


-,08 


: -,21 


*14 


.09 


,12 


.12 


XH17 


• 04 


-,05 


,10 


,11 


.11 


-.04 


XHJADP 


*13 


.21 


-.11 


-.03 


- —,03 


-.04 



Note that no significant improvement in the ability of the 
four methods to aL^timate job ability requircnients was. .obtained. In 
some cases * mean correlations with the adjusted criterion data were 
lower than for the unadjusted data. - 



■: - DISCUSSION, 

There are a niunber of poasible approaches that one might take 
in ©perationaXizing the conaept of job component validity. The praHant 
study used an approach which involved the use of "attibute data" (that 
is, the ratings of attributes on job elements associated with the 
Position Aanalysis Questionnaire) as the basis for estimating job ability 
requirements , Various methods for utilizing the attribute data were 
employed in the present study. The results of this study indicated^ 
however # that the use of such attribute data probably would have ^ 
somewhat restricted utility for the job component validity paradigm 

Though prediction of the ''cognitive" ability requirements was 
quite respectable* the prediction of the perCQptual abilities was only 
moderate^ and the prediction of the psychomotor abilities was very 
poor, Ther are a number of indications , howeverf/that certain of the 
findings of this study might be attributed to daficiencies in the / 
specific predictors and criteria used, rather than to the basic, 
approach of using attibute data for the estimation of job ability 
requirements as they might be used in the job component validity 
pardigm, . : ; 



Cumulative vs Critical Bohnviors Only Models of Estimation 

When using attribute data as the basis for making eatimations . 
of the ability requirements of jobs, one might distinguish between 
two models for combining such data into appropriate estimates. In one 
case I the ability requirements of jobs are assiUTiad to bo influenced 
by the cumulative importance of a particular ability across all of 
the various work behaviors (in this case^ rdprescnted by the job 
elements of the PAQ) which' one might find assoaiate 
"In connection with such a model, some of the behaviors included in 
such a list would be considGrcd oasential to the job while othnrs wouid 
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be consideroa to be of only tangantial relevance to the job. v 
AceoEding to the cumulative modol , regardless of the iHagnitude of 
the importanco of a particular behavior, the ^ility level needed . ; 

to perform that behavior would potentially influence the overall level 

of that'ability noedod for the job. 

other hand, one might view ability requirements in terms 

of the "critical buhaviors only" model. Under such a model, the overall 
ability level required on a specific job would be detormined solely ; 
by the'levol of that ability associated with only the most important 
bShaviors which coinprise the job; The distinetinn between^the two 
models of ability requirements seems cleat, and tlie relatiW effectiveness 
of the modelu in cDtimnting job ability requiements across a large 
sample of jobs was tested us part of the present study. ' 

For the samplo of 659 jobs, when considering the prediction 
of ability requirements ac-oss all nine GATB tests, neither model : 
proved to bo very of jrectivo. The average multiple correlation for the 
cumulative modQlmathods across air nine G^^^ while^ 
the average multiple correlation for the "critical behaviors only" = 
methods of ostimiition was .30. This indicates that cumulative methods 
of estimation offer a slight, though not statistically significant, 
advantage over the "critical behaviors only" methods in estimating 
job ability roquiramun to. The fact that those methods using job 
dimension scores for ; estimating job' requirements were basically 
cumulative in nature, and ^that such methods tended to be superior 
to all other methods of ostimoting job ability requirements (i.e^^hose 
methods which did not involve the use of dimension data), lends 
further support for the une of cumulative rather than "critical behaviors 
only" methods. One shoulfl note, however, that, by definition, 
the "critical behaviors only" methods tend to restrict the range of 
the .predictor. scoron, and Urns correlations obtained from the use 
of these scoroB might w>ai be lower than they "should" be. 
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Micro vs Mguro Methods of Estimation 

The various ostirnation methods used in this study could also 
ba divided into two distinct groups accordingVtd tha"'ty^e 
information upon which they base their estimates of jbb^ ability T^"" 
requirements, A numljer of the mothods used "micro" sources of job 
information in- that they based tlieir estimatGs of the ability 
requitemonts of a particular job upon scores derived from the 
individual PAQ job element ratings obtained for the job ^ and the 
individual attribute ratings associated with each of those job elements. 

On the other hand, several methods used "macro" sources of 
job information in which pstJmates of ability requirements were based 
upon scores derived from vnriouo Q-t^e and R-*type job attribute 
dimensions* The Q^type dimensions were based upon principal components 
analyses of the six major divisions of the PAQ , and grouped fairly 
larjre Bumbers of job clemunts into single categories, i.e* dimensions* 
The R-^type dimensions v;ere based upon R-type principal components 
analyses of the 49 aptitudlnal attributes associated with tha PAQ,/ 
and grouped these individual attributes into larger ability categories. 
Due to the groupiny of individual job elom.onts and attributes int^o ■ 
larger categories, tho Q-type and l<-type attribute dimensions represent 
macro sources of job information. 

The prenent study provided strong evidence in favor of the 
use of methods >*hich utilin'j macro^sources of job infdrifiation in 
deriving estimates of job ubility requirements. As contrasted with 
the micro methods of entimaUion, one might suggest that the effectiveness 
"of such methods for pradicting job ability requirements was partially 
a result of the criteria u.'ir.'d in tlio study/ Certain of the GATB tests 
used as critorio appQ^r to represent "coii^leKes" of abilities rathar 
than single, pure al^jlltinfu For cKample, tiie test of general intelligence 
includes subtests' coucjairncd v;ith •'three dimensional space," "vocabulary," 
and "arithmatic rouKon,'* Similarly^ the numerical aptitude test , N, 
contains botJr "comput.i^ir ." i^nd "nritlimatic reason" subtbsts. Thus 
macro mothodji of eiitinuttt job ability roquircmonts might, in certain 
casd^ be botlcr nuilcd r ; -ocl3r;tnjig complexes of abilites represented 
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by eone of the GaTB tests due to the fact that macro methods are based 
upon broader sources of j ob information , Micro methods V due to the specific 
nature of thg information involved with these r^thods, mgHt be less suited : 
as predictors of the irore compleK GATB tests, TTie nature of the respective 
•^^aioas; mght^ a^^ 

aggregate of infomation included in"the"lSGro~n^h^ adding to the 
rali^ility of scores based upon such data, thus increaaing the 
correlations associated with macro methods of estimation. 

Prediction of the Various Criteria Used in the Study — 

Three criteria associated with the GATD tests were used in the present 
study/ They were? (1) ™an GMB test scores for job incurttoentsi (2) . potential 
cutoff scores (i.e. , for any job, this was the; score one standard deviation 
below the mean test score of job Incuittoents on each of the GMB tests) i 
(3) the validity coefficients associated with the nine GATB tests for 
each of the 659 jobs in the sample. 

Across all methods of estimating job ability requirements/ there were 
no differences between the prediction of mean GMB test scores and potential 
cutoff scores for the nine tests. This finding does not nullify, and would 
perhaps enhance, the suggestion that, for operational purposes , potential 
cutoff scores are representative of the minimum level of abilities necessary 

for job performance. 

As regards the estimation of ability requirements represented by the 
criterion of GATB validity coefficients, no method of estimation achieved 
even a moderate degree of success in msOcing such predictions. This finding 
was somewhat es^ected (Mecham, 1970| and Marquardt /-1974) . Ghiselli (1959)- 
iToted that validity coefficients are characterized by consider^le 
"inst^ility,'' ^d thus prediction of such data is extremely difficult. 

In Phase II of the study, the mean GATB test scores were "adjusted" 
so as to hopefully take into account the high degree of intercorrelation 
aiSngthe nine tests of th© GATB. In terms of the "adjusted" mean test 
score criterion, the results of this study were far from encouraging. - 
In no cases were the predictions of the adjusted criterion, data 
higher thm those of the unadjusted criterion data- In certain cases 



the pradictions ware worse. This finding has two possible implica^ons 
One implication is that, since there is no /'clean cut" statistical 
proceduro availible for adjustirfg out tho effect of the high mean 
,.„..,:teg.t..s^oge..l4Ltercogralations- 

raguiraments, the procedure used in this study was invalid and was 
not producing the desired effect upon the problems underlying the data 
An altarnative to this GKplanation, and possibly th^ most reasonable 
one in the present case, is that the problems associated with the 
GATE data are so deeply iirgbedded within the very nature of the data 
that no statistical procoduro would have been able to adjust for these 
difficulties. 

Problems with Predictors 

Whenever data are based upon the judgements of humans, one 
is invariably confronted with the question of the reliability of these 
data* In terms of the PAQ job element and attribute ratings used 
in deriving estimates of job ability rcquiements, two sources of 
unraliability are possible, i.e. unreliability relating to both 
the job element ratings and tJic attribute ratings. If the degree 
of reliability was low for one or both of these ratings, the use of 
such data in the present study could well have resulted in the 
considerable distortion of information concerning the ability 
requirements of the jobs in the sample. However, evidence has indicated 
that the reliability relating to the PAQ ratings is quite . good. 
Marquardt (1974) used job dimension scores to estimate the job 
ability requirements of a large sample of jobs. These dim,ens^ionc were 
based upon principal components analyses of the PAQ job elements in 
each of the_siK major divisions ^Kf the PAQ using as the basis of the 
analyses the PAQ job analysis ratings for each of the elemcmts 
across 3700 jobs. Prediction in terms of thuce job dimGnsion scores 
was quite good. In the same study, using an atfcribuLe data approach 
to job component validd ty, l^^arquardt used attrlbuto dj mansion sccras 
for 23 dimensions resulting from principal cDmponants ananyscs of the., 
attribute profiles of the oloments in eacli of tho six major divisions 



of the PAQ to estimate job ability .requirements* The attribute: :^ 
aimbnsions wGre thus based upon attribute ratings associatecS with 
the PAQ oXoments, Prediction in ^tarms of these attribute dimension- = 

scores based on the job element ratings* It seems i therefore, that 
while unreliabilty of ratings might have resulted in some reduction 
in the effectiveness of various methods of estimating job ability 
requiromonts, it is not, in itself, sufficient " to e?^lain the 
low correlations found in the present study. 

Another possible problem associated with the prediGtors used 
in this study can be found in the fact that the methods used by 
Marqunrdt (1974) based upon the 23 attribute dimensions resulted 
in signifiGantly better cstinates of the psychomotor abilities than 
did method.^ based upon the new 17 attribute dimensions. In the one 
case, thy new 17 dimensions v/ere based upon principal components 
analyses of the six major PAQ division using job element profiles 
acro^^^n 40 "aptitudinal" attributes, Mar^uardt's 23 attribute - 
dimensions were based upon similar analyses, but used job element 
proriluti across 71 "aptitudinal" and "situational" attributes , 

Multiple correlations between Marquardt's attribute dimension 
scores and the psychomotor GATB mean test scores were in the upper / 
,40*0, while the Gorralations' between the attribute dimension scores 
on the 17 new attribute dimensions and the mean GATB test scoras were 
in the mifldle ,20'sV Also^ within the present study, the correlations 
bfitwoen r^tUribute scores derived using the XMJADP method (based on 
Marc[uarclt ' n 23 dimensions ) and the mean test scores on the GATB test 
K ranged as high as ,48, while similar correlations using the XH17 
in-iihod (3ame process but with the 17; new attribute dimensions) were 
gf-nDrft];iy nngr\tivc in direction, It^would appear that the job 
ti iir.-nnionH basod upon both aptitudinal and situational attributes 
incJudc ;informntion v;hich adds significantly to the predictive power 
oi ihutiiofV; based upon those 23 dimensions. The implications of this 
n-: rc<2htf]:i the criterion data will be discussod later,. 



AurosF all methods of estimation used in the present study, 
correlations and multiple correlatidni' associated with estimates 
of the psychomotor job ability requirements were quite low. This is 
in line with the stntements of Trattner , Fijne , and Kubis (1955) that 
the prediction of mental and perceptual aptitudes is generally bettor 
than the pr^di.;u.LOn of aptitudes which^e "physical" in nature. 
Data publisheu the U,S, Training and En^loyment- Service (T^le IS) 
show that thery are moderate intorcorralations among the nine tests 
of the GATB. Jf particular importance to Jhe present study is the 
fact that th^ i^syuhomotor tests of the GATE are moderately inter- 
correlated wi: tho more "cognitive** GATB- tests; ^In view of these 
intorcorrelfci^^cr^^, if one were to rank order jobs according to the 
mean scores of i. Mv->^v:nts en the jobs, this ordering would, to some 
extents reflect xine ^^dmixturo of the cognitive as well as the 
psychoTO tor abilities of the incumbents. This admixture could result 
in jobs which would normally be expected to rank high (or low) on 
psychomotor abilities, instead showing less^ (or more) psychomotor - 
ability levels than would reasonably be expected.' Such a ranking 
would not necessarily reflect^an accurate ^representation or the 
relative psychomotor ability levels necessary for the jobs. 

In the present study, the use of mean GATS scores^ rather than 
individual test scores^ has resulted in even higher intercorrelations " 
among the psychomotor and cognitive tDHts (TaJble 15) . Thus the - 
possible distortion caus'^d the relationship betwoen the cognitive - 
and psychomotor abilities associated with the jobs. in the sample would 
be even, greater than when considering individual test score data/.The- 
ranking of jobs accorcllng to t}ieir relative psychomoUor ability levels 
(as represented by the Man GATB scores) would be expected- to present 
a less than totally accurate picture of the "true" psychomotor ^ility; 
requirementsv Data presc^ntod in Appendix L would appear to support thii 
conclusion, Nota tJiat many jobs which would ndrmally be expected to 
be "psychomotor^. ^U^naturo, o.g, an ironworker, show mean scores lower 
than those for jobs which arc :ossentialiy-"cognitiVG"^^ i ; : 

e*g* a job analyst* [ 



. . In testing the utility of att^ibuto :data in a . job cmmpbne^^^ 
validity paradigm, it is assumed that Qmployaos tand to "gravitiata" 
into Uioso jobs in which; thoy cin aehicva soma relatively: successful V. 
degree of performance, and that mean GMB' test scor^ 

would thus represent the ability lovGls nocossary for some minimally \ 
acceptable degree of job perfonnanca. DntS in Appendix; r, would suggest 
that this is not totally the case for ' tho psychomotor tests. 

it seems reasonable to suggeKt that the intarcorrQiationr found 
among the psychomotor and^ cognitive tosta are at least partially 
responsible for the apparent inconsistancios in the ranking of the ' 
jobs according to the moan psyohomotor teat scores of ineuirisenta / 
on the jobs. It may also be that a more "basic" factor underlies the 
apparent inconsistencies in the runkinga. It may be that for some of 
the jobs which are predominantly manual in nature, the psychomotor 
abilities necessary for performanco nro of relatively minor importnance 
in determining the ovGrnll "succans" of the persons on thosB jobs. 
Most workers might posseaa thu minimum nbillty Tovol whicli would 
^enable the workers to adequately perform the job in question. In 
this case, the degree to which the jjeraon is "succQsiful" on the 
job (an would thus have gravitia tad into tliat particular position) 
would depend upon saveral factora in .indLtioii to t'ne psychom.otor 
abilities he poasessos. If this wore r;,o, one could not expect any 
simple ranking of jobs according to the moan test scores of incumbents 
to represent the, ability lovols nnedc'd fcr iiucctiSBful performance. 
Successful performance would,- insit(?nd, be fletorirdned by an ; adiTiixture 
of the psychomotor, cognitive, sji tiial.ional, and pur tonality factors 
involved in the job. 

- Marquardt (1974) used attribute dimensions based upon both " 
aptitudinal and situational attributes to predict job ability requirements 
Pradictions using these dimensions were generally better than the 
predictions associated with dimensions based solely aptitudinal attributes 
used in the present study. The differences between pradictions based 
upon Marquardt 'a attribute dimensions as opposed to the predictions based 
upon the new attribute dimensions used in the present study werQ ' 



mnimal for the cognitive ^iiities. The difference betwe predictive 
power of the two sets of diTOnsions was somewhat greater t _ .^j 
perceptual abilities, and was greatest for the psychomotor abil ties . 

Although the stituational attributes used in foCTdng Marquardt*s . ' 
dimensions are described in terms ^of various "work situations they 
are as surod to reflect thos interest^ personality, and ten^erment - 
factors which enable the incuittoents on a job to "adapt*' to the specified 
work situations It would thus appear toat the inclusion of such 
non-aptitudinal information into the prediction system generally 
increases the level of prediction possible. These results would suggest 
that success on jobs which "are dominantly psychomotor in nature nky be 
more dependent upon "adaptibility'V factors (such as interest, personality^ • 
or tenperment)'' than on psychomotor abilities. 
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CONCLUSION 



In the present study an approaGh was taken to the concept 
of job component validity which utilized the attribute rating data 
associated with the Position Analysis Questionnaire ae the basis 
for estimating job ability requirements* Within this general ^'attribute 
approach," a nui^er of different models of estimation were co^red 
as to their relative effectiveness in predicting job ability requirements* 
The models used included "micro" models, "macro" models , "cumulative" 
models, and ^'critical behaviors only" models/ 

The results of the present study indicated that "macro" models 
of estimtion are more effective in estimating job ability requirements 
than are "micro" models; However, in the case of such macro models/ 
"good" estimation of ability requirements was possible only when the 
macro sources of job information used in such methods were based 
upon iarge numbers of diverse human attributes (Marquardt, 1974). 

It was also shown that "cumulative" methods of estimating job 
ability requirements were only slightly better than the "critical behaviors 
only" methods. This slight advantage was based primarily upon the 
fact that macro methods of estimation, which did relatively well 
^ in estimating job ability requirements, were of a cumulative nature* 
When viewed as a whole, however, the approach to job component 
validity taken in the present study, i,e. the une of PAQ attribute 
data, was differentially effective in estimating job ability requirements. 
Though prediction of cognitive abilties was relatively good, the 
- prediction of perceptual abilities^ was only^^moderate the prediction 

of psychomotor abilities was very poor. VJhen data from the present 
study.were compared to previous work using the job comxionent validity 
paradigm (Marquardt, 1974) , it was apparent that the approach taken 
in the present study which usod attribute data for estimating job ability 
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requiremonts was fonerally less effective than the approaGh taken 
by.Marquardt which involved the use of PAQ job analysis rating data 
as the basis for the estimation of ability requirements for jobs. 
It would appc ar at least that for the present time the optimum 
approach for the application of the concept of job component validity 
should be based upon job dimension data derived from PAQ job analysis 
ratings* 

The results of the present study probably shoulrt not be taken 
as to preclude any future investigation of the attribute data approach 
to the concept of job component validity* In terms of any further 
oxploration of the potential utility of attribute data for estimating 
job ability requirements * it would appear that attribute dimensions 
resulting from principal components analyses of job element profiles 
across large nun^ers of diverse human attributes would have the best 
possible chance of providing adequate estimates of ability levels 
for use in establishing jbo Gomponent validity. 
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^PENDIX A ^ 

Methods r Models, ^breviations, and DesGriptions Associated 
With the 21 Methods of Estimating Job 
^ility RequireDtents Used in This Study 
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SUMXP 
ABOVE 

ABOBEL 

PCV2 

i/CT3 
PCT4 



Sum of the cross-products for each attribute 
computed from the FULLXP^mtrix _ 

Mean of the cross-products for each attribute 
computed from the FUliLXP matriK 

The nuntoer of cross-products computed for 
each attribute from the FULLXP matrix which 
fell eibove the grand mean 

The nuntoer of cross-products computed for 
each attribute which fell below the grans 
me an = 

The ratio of ABOVE/BELOW ■ 

The % of cross-^products computed for each 
attribute for the FULLXP matrix which fell 
into Quintilc 2 

The % of crofaFj'-producto computed for each 
attribute for the FULLXP matrix which fell 
into Qvidntile 3 . 

U'he % of cross^-produatG computecl for each 
attritauto which fall into Quintile 4 

The ^ of croi^iH --pro ducts computed for Gach 
atLributc which fell into QuinUile 5 

Tliu suiii of the crunch-products cornputed for 
cauli t:Ui;rihui:u from the ,e:ULLKP matrix 
Tor Ihdoa ulaciunt-at tribute nnirincjc whure 
tho job clcuivjnt rnting^ 5*0 . 
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APPEWDIX A (Cont.) 
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The mean of the cross-produGts computed for 
each attribute from the FULLXP matrix for 
those element-attribute pairings where the 
PAQ job element rating= 5.0 

The sum of the cross-products computed for 
each attribute for the RIXP matrix 

The mean of the cross-products computed for 
each attribute for the RlXP matrix 

The sum of the cross-products computed for 
each attribute for the MXP matrix 

The moan of the cross-products computed for 
each attribute for the R2Xr matrix 

The number df cross-products computed for 
each attribute for the R2XP matrix 

Job attribute profiles developed using the 
23 Marquardt attribute dimensions 

Job -attribute profiles developed using the 
17 now attribute dimensions 

Job attribute dimension scoreo for the 17 
new attribute dimensions 

Dimunsion .scores for the 7 R-type dimensiono 

Job attributn dimensions valuer resulting 
from a coridjination of data fjtom both tlie 
scvein R--type attribute dimensions and the 
17 Q-typcj attribute dimensions 
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APPENDIX B 

Principal Components Resulting from toalyses 
of the Six Major Divisions of the PAQ 



Conponents resulting from the analysis of PAQ job elements i 
division 1/ infomation input. A Q-type principal componenets analysis 
was carried out using the job elements in the Information Input 
division of the PAQ (job elements , 1-35) * This analysis yielded a total 
of three principal components accounting for 69*4% of the total variance, 
'^^e inte^retations associated with these three dimensions are given 
below. ...... ^ _ 

, (1) Division 1# factor li visual perception/interpretaion"^ 

tiiie dimension accounted for 47,1% of the total variance. 
It is a relatiwly broad dimension characterised by job 
activities which involve the perception and/or interprDtation 
of visual input from the job* 

(2) Division 1, factor 2i non-visual perception/interpretation-^^- 
this dimension acccountcd for 13*5% of the total variance, 

it is characterised primarily by job activities which involve 
the use of non-visual sources of job information, e.g* feeling, 
tasting, smelling, or hearing* 

(3) Division 1, factor 3i body rnovement sensing/ balance-— 
^- this dimension accounted for 8,8% of the total variance* 

Three job elements received subst^tial loadings 
on this dimension* They are characterised primarily by 
the degree to which the sensing of physical movement, 
position or balance, such as is necessary in the use of 
mechanical devices, are needed for job performance* 

division 2 , mnntra profjQnm:^^ A Q-typQ principal cenipancnta analyfiitf 
was carried out using tha job oioinonty from the Wmtni Vrocau^u^ ^ 
diviGion of the PAQ (job alamcinty 36-49). Tliic an^ly£^is roiuiltc^d In a 
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APPENDIX B (Cont.) 



total of two principal components accounting for 85*0% of the total 
variance. The interpratations associated with these diniansions are 
given below. 

CD Division 2^ factor li reasoning, decision making^ and related 
mediation activities-=-this dimension aGcoimted for 45,9% 
of the total variance. It is a rather broad dimension which 
involves activities which depend upon reasoning, decision 
^^i^ng or similar typos of mediation processes, ^atid which 
necessitate the acquisition of such mediation "skills " 
through eKperience, education, or training. 

(2) Division 2, factor 2^ integrating information—this dimension 
accounted for 39,1% of the total variance. Job activities 
included in this dimension are those which involve the 
collection and integration of information obtained from the job. 

Components resulting froM the anal ysis of PAQ job eleme nts^ 
division 3, work output. A Q^type principal components analysis was 
carried out using the job QlQxmntB from tlie Work Output division 6f 
the PAQ (job elements 50-90) . This analysis yielded a total of three 
principal componenots acccounting for U^,5^o of the total variance. The 
interpretations asHociatCfd witli those cllmaMisions are given below, 

(1) Division 3, factor 1; iinnu/il nanipulation/control — - 
this dimensionK acGoutod for 33,9'h of the total variance* 
It is a broad dlinensic n inuliuUng a large nvirrOser of PAQ 
job elements. It is c))arnctn ri^^d primarily by job elements 
which involve ^omo form of manipulatiion and/or the control 
of various maturialfj/d.: v.Lcor: ^r uorU^tt^G with the lob. 

(2) Division 3, f nctor 2 i Vi.rui] i nr/cKMin^ril--bQdy nctivlties"- 
this dimension ucuounUd ioi 25,0*:. of tho i:otal varianca. 
It is charactorj :u d J y nul i ^ luu which involve genciral body 
movement and/or the ]VJ.'f^ju;ll lunf^l:h;^ or inaii j nulatinn of 
variousi typon mrtttn *»:ir'/r-vj 
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(3) Division 3, factor 3i yaried physical/controlling activities- 
this dimension aGGounted for 25.6% of the total varianGe, 
It is a rather broad dimension including a large nurr^er of 
PAQ job elements* It is charaGtBrized primarily by job 
activities which involve a variety of physical activities in 
the operation or control of equipment and/or the handling 
or UBO of materials or devices associated with the job* 

Compononts resultincr from tho nnalyois of PAp elements: 
division 4. relation ships with othor persons , A Q-type principal 
components analysis was oarried out using the job elements in the . 
Relation s hips with Other Per son_s_ division of the^PAQ (job elements 
99=134). ^ia analysis yielded a total of two principal/Gomponento 
accounting for 85.0% of the total varlanco. The interprntations 
associated with these dimensions are given below. 

(1) Division 4, factor li interpersonal coiftmunication^ — - this 
dimension accounted for 71.5% of the total variance. It 
is a very broad dimension with sigriificdnt loadings on 

a large nun^cr of PAQ job elements. It as Ghnracteri^ed 
primarily by job activities which involve inUerparnonal 
GOwmuniGations Gnrriad out for different purposes and 
with different typos of poDple. 

(2) Division 4, factor 2i unnamed— this dineusion accounted for 
13,5% of the total variance* Some of the dominant job 
elements in this dimension seem not to be logiGally 
related to m\c another^ and thus^ no interpretation of 

this dintensiua was made* 

was carrriod out unino t\m vm jol- fluirc-ii-:? in m^ {^^SS^Si-i^ 
division of the PAQ (job ehno-nt:? nf3-.15:0. Thi^uM^-ly^is yioi dud 
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total of three principal components accounting for 71,6% of the total 
variance, TOp^ inte^retations associated witJi these dimensions are 
given below, 

(1) Division 5, factor li personally demanding situations— 
this dimension accounted for 29/0% ok the total variance. 
It is characterized by job situations which are largely 
interpersonal in nature i and which are typically viewed 
as being demanding and/or frustrating for the individual* 

(2) Division 5, factor 2t unpleasant physical environment—- 
this dimension accounted for 21,7^y of the total variance. 
It is characterised by oituationn which are generally 
considered unpleasaiit in nature. 

(3) Division 5, factor 3r ha^,ardous physical environment— = 
this dimension accountod for 20.9^^ of the total variance. 
It is characterised fay jc^bii which are gene rally considered 
to be hazardous in naturn. 

i 

Compononts resulting from t hci j.nn3y-n s of r;^0 jo b elcnisnts ; ' 
division 6, other jo b characterlnV:! nn. A Q-typc i>i j.ncipal coii^onents 
analysis was carried out using the job elements from the Other Job 
Char acteristics division of the VhQ (job olrm-nls 154-182), This 
analysis yielded a total of four priubiiK 1 ucnnponiMiLs accounting for 
73 •6% of the total varinnce, Tlie in I erprc- 1 .i LLonu anoQciatcd with these 
dimensions are given below. 

(1) Division 6, factor li scl::.uu] cAwk atl ir^-^'-this dimension 
is probably without real ii.vnru'r; nincc UIh! mndian ratings 
across almost all of the 'Hi at/; i 'iuL^. ;i nrti *'0" (of no irc3evai)Cc 
for the job clemonti; in inj^ ^: i *:iui?* Th, un^rni^ion 
accounted for 23Jyu of th ^ tou ' v^ vJ.-n .^. Th^^v-^ job elements 

' which.. rc,aei ycdauJirj L:nnt'i u Ju.,-''-i:. cm Lhi:. OXmcnuion c\rQ 

charnctoriKt^d by thu worh r-rli* ■ ; ! :. or :.^*urit ' of ■ttmo ' tliQ = 
incnn^jent spends ou tho jc}'^ oi ^, , ■ ^iLtDrc he munt wear 
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(2) Division 6,. factor 2i routine/repetitive work aGtivities^ 

this dimension accomted for 16*3% of the total variance. 
It ie characterizad primarily by job situations in which 
work procedures are clearly specif iad and artivities tend* 
to be routine and/or repetitive in nature, 

(3) Pi vision 6, factor 3: job responsibility^— =thls dimension 
accounted for 16*2% of the total variance. It is characterized 
priinarily by job elentents which reflect the level of 
responsibility for various duties/aspects of the job. 

(4) Division 6, factor 4t attentive/discriminating work domands—^ 
this dimension accoimted for 12.4% of the total variance 1 

it is characterized primarily by job situations v;hlch 
involve vigilance or attentiveness # or in which tlie job 
meuntoent must bo attentive to detail or ha alert to various 
stimuli in the work environment. 
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APPENDIX C 

Job llemant Dlnensions Based on Componant Analysis of Job 
Elemont Attribute Profiles :^ PAQ Division 1, Infomation Input 



Attribute Dimension and Job Blaments 



with 


Loadings of ,45 or Above 


Rotated Loading 


Faetor Is visual parception/interpretation 




32 


Inspeeting 


* 91 


3 


Pictorial matarials 


* 90 


11 


Man-made environment 




8 


Materials in procass 




22 


Depth parcaption 


. 87 


34 


Estimating size 


* t* # 


5 


Visual displays 


.86 


10 


Features in nature 


■ WW 


33 . 


Estimating quantity 




20 


Near visual differentiation 


\ 83 


23 


Color perception 




9 


Materials not in process 


# ox 


2 


Quantitative matarials 


on 


4 


Pattern/related devices 


p 79 


21 


Par visual differentiation 


. /9 


30 


Estimating speed-process 


*79 


14 


Art or decor 


.79 


31 


Judging condition/quality 


*79 


29 


Estimating speed-moving objects 


.77 


13 


Events or circumstancss 


,75 


7 


Mechanical devices 


*7S 


28 


Estimating spaed'-moving parts 


,70 


6 


Measuring devices 


.66 


12 


Behavior 


.66 


1 


Written matcirials 


.63 


35 


Estimating tim« 
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Attribute Dimension and Job Elements 

with Loadings of ,45 or toove Rotated Loading 



actor 2 1 Non=visual perception/interpretation 



24 


Sound pattern recognition 


.86 


16 


Non^vGrbal sounds 


• 85 


25 


Sound differentiation 


«82 


15 


Verbal sources 


.72 


18 


Odor 


.64 


19 


Taste ^^^v 


.61 


35 


Estimating timo 


.47 


17 


Touch 


. .45 


Factor 3 1 Body iiiovomQnt oonsing/balanco 




26 


Body movamont 




27 


Body balance 


-.75 


7 


Mechanical dovicen 


-,46 
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APPENDIX D 

Job Elemant Dimensions Based on Component Analysis of Job 
EleTOnt Attribute Profiles, PAQ Division 2, Mental Proce 



sses 



Attribute Dimension and Job Elements 
with leadings of .45 or toova 



Rotated leading 



Factor li Reasoning, decision making and related 
mediation processes 

46 job-related knowledge ' 

47 Training 

37 Reasoning in problem solving 
36 Decision making 

45 Education 

38 taount of planning/scheduling ; , 
44 Short term memory 

' 40 Anaiyzing information 

39 . Combining information 
48 Using mathematics 

Factor 2: Integrating information 

43 Transcribing 

42 Coding/Decoding 

41 Compiling 

39 Combining information 

^0 Analyzing information 

48 Using mathematics 

38 ^ount of planning/schoduling 
' " Education 

36 Decision making . 

37 Reasoning in problem /lolving ■ , 
44 Short - te nn m-3 mo 



.87 

,85 

*84 

.82 

.80 

.75 

.72 

.64 

.62 

.57 



-91 
.91 

*83 

• 74 

,73 

.70 

,50 

.40 

.40 

*40 



M>PENDIX E 

>b Element Dimensions Basad on Component- J^ialybis of Job' 
Element Attribute Profiles: PAQ Division 37 Work Output 



Attribute Dimension and Job Elements 
with leadings of ,45 or toove 



Paotor Ir Manual manipulation/oontrol 



Rotated Leading 



57 
55 
49 



Maasiuring vices 
Drawing/rolatod dovices - 
Man peered progiBion tools 



.91 

.88 
.86 



91 
79 

sa 

76 

77 

53 

56 

92 

93 

63 

62 

50 

78- 

59 

64 - 

66 

94 

80 

54 

52 

95 

81 



Finger manipulation 
Assembling/disasi^Gmblj ng 
^^^Technical-related devices 

^Setting up/ndju^^ting 

Manually modifying 

Pov/ered prt*oisiojr tools 

Applicators 

Hand-arm manipulation 

lland--arm BtL^adinc^a 

Keyboard devict^M 

Variable Bnttiiifj controls 

Man-powered non^prcGision tools 
.Material controlling 

Machines/oquipTfiLMi L 

Frequent adjusLiiicuhnnd controls 

Continuous hnncl controls 

Eye/hand- i:oDt cnovcHnatn on 
Arranging/j3Qfiit io.'jing 
- Powered noji-prtv/n?. ion tools 
Uandling--devim-;/- Qols 
Limb movujrwjnt \.I'\.->uti vi duhI "contnet 
Feeding/of C Lc. , ' i 



.06 

. 84 

.83 

.80 

.80: 

.79 

178 

,75 

.75 

^74 

.74 

.67 

,66 
.65 

.63 

.62 

,61 

.61 

.61 

,60 

.60 

.59 
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Attribute Dimenaion and Job Elements 
with Loadings of *.45 or Msove 



Rotated Leading 



Factor 1 (cent.) 



82 Physical handling 

60 Activation controls 

61 Fixed setting controls 
51 Long handle tools 

3.6„„Hand'-aar— coordination— 



. 58 
.55 
.-53 
.52 



.46 



Factor 2 1 Handling/ganeral-body activities 





85 


Level of physical axortion 


,92 




.87 


, Standing _ 


.87 




84' 


Balancing 


. .. J 06 




88 


Walking/running- 


,85 




83 


Highly skilled body coordinstidn 


.83 




89 


Climbing 


.82 




90 


Knaeling/^tooping 


-79 




- _86 


Sitting 


,71 




51 


Long handlGd tool's t 


.67 




. a2 


Physical handling - 


.62 




52 


Handling devicGS/toolo " 


.62 




50 


Man-powered precision tools 


' .57 




81 


Feeding/off bearinq 


■ .54 




68 


Nan powered vQliiclGn ■_ 


' , 5^- 




73 


Nan-moved inobilu crquipjiVMM 


.54 




00 


Ar r ang ing o i t i o v, 1 n g 


.53 




95 


Liiub movement v;i VlK^ut vi';M';l c'i^:*1 j-r-l 


' : 




93 




= - \ b2 




92 


Hand'-arm i innipu. i.: c i on ~ ■ 


.50 - 
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Attribute Dimension and Job Elements 
with Loadings of ,45 or Above 



Rotated Ldading 



Factor 2 (cont*) 



77 Manually modifying 

94 Eye/hand-'foot coordination 

60 Aotivation controls 



.48 
.48 
.46 



Factor 3 1 Variod phyaical/eontrolling activities 



71 Powered vmter vehicles 

69 Powered highway/rail vehicles 

72 Air/spacQ vDhiclcB 

75 Remote controllGd equipment 

74 Operating equipment 

70 Powered nioLdle equipment 

67 ContinuQui^ foot control 

68 Non^powerod vehicles - 

65 ' Praquently adjuMted foot controls 

73 Man^moved inabile equipment 
61 Fixad-oetwing controls 

60 Activation controls 

64v' Fraquonily adjusted hand controls 

66 Continuoun hand cdntrols 
59 Machine&'/tiquipniont 

54 Powered non-prciuision tools 

.73 Material controlling 

93 Hnnd-arni j^tDcidinvi^s 

52 Variablo «i*ttlng controls 
81 Feeding/DiM! Bearing 

53 Pqwtirscl prvci^i ori. toon a . ■ . 



.84 
,84 
,83 
.82 
'*80 
,71 
,71 
,71 
.70 
,66 
,62 
,60 
,59 
,58 
,57 
.55 
,52 
,52 
,50 
,50 
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■ A?PE^iIiIx;f■■.■.■ 
J* 11-ment Dimensions Basad on Conponent Analysis of Job 
Element Attribute Profiles i PAQ Division 4, 
Relationships with Other Presons 



Attribute Dimenaion and job Eleinanti 
with Loadings of .45 or Abow 



Rotated Loading 



Factor 1% Interperaohal communication 

126 DlreGtion/supe^wlslng personnel 
-99 Persueding 



97 Advising 

98 Negotiating ^ 
130 staff functions 

100 Instrueting 

114 Professional personnel 

111 Exacutlves/officials 

103 Non- routine information e^changd 

101 Interviewing - 

112 Middle management/staff 
129 Coordinates activities 

123 Clients/patiento/cquns ■ 

125 Supervision/non-supervisory personnel 

119 Buyers 

104 Public^speaking 

131 Supervision received 

122 Students/traineas/apprentices 

124 Special talent groups ' 
128 Supervises non^einployees 

127 Number . irsons for whom responsible 

113 Supervisors 

lis SeiTii--profGssional personnel 

:120 Public customers 



ERIC 



.97 

r97- 



.97 

*97 

,97 

,96 

.95 

.95 

I94 

,94 

.93 

. 93 

*91 

.91 

,91 

• 90 
.90 ^ 
\fO 
.90 
,89 
,89 
.88 
.87 



MPENDIX P (Cont.) 



Attribute Dimansibn and Job Elmt^ntm^-^^^^^^'^-^^^T^'^ ' ^ 

with Loadings of ,45 or Abova Eotated reading—- 



Paetor 1 (eont.) ... 

118 Sales personnel - qj 

121 The public " Qg 

110 Entertaining .^.^^-^^ 

102 Rputihe ^Lnforination ejcahange^^^^^^^^^^^^ ,77 

^116 Clerical personnai ^ ^ - 76 



.75 



105 Writing ^ 

117 Manual and service workers 61 

Factor 2 i UnnaiTiGd ^ 

106 Signaling » 79 
109 Ser.ving/Gatering " -'78 

107 Code Gonununications _ gg ' 

108 Entertaining . -SI 
lie Clerical personnel " ' ■ ^ 
117- Nanual and service workers -48 
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Elenent Attribute Profilaei PAQ Division 5 , Job Cdn text 



Attribute DiTOnsion and Job Elements 

with Loadings of .45 or Above Rotated Loading 



Factor It Personally demanding situations 



145 Civic obligations ^ 

147 Strained gorsonal contacts *95 
150 Non-job required social eontaota ,94 

148 Personal sacrifice 93 

146 Frustrating Bituatione ' ,92 

149 Interpersonal conflict situations *89 



Factor 2i Unpleasant physical environment 



133 High temperature [ * ISl 

134 Low temperature ,86" 

138 Dirty environment 78 

139 Awkward or confing space . *77 
136 Vibration 67 
132 Out-of-door environment .67 

135 Air contamination ' 49 

Factor 3: Hazardous physical environment 



J 143 Permanent partial impairment *9f 

142 Temporary disability .96 

144" Permanent total disability ofi Ihlpairment^^^.^ V .96 

141 First aid cases 
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Job filerent Diinensions Based on Com^ Analyeis of Job 

EleMnt Attribute Pro fileg I PAQ Div^^^ 
Wher Job Charaqtsristice 



Attribute Dimension and Job Elenvents 
with I^oadings of ,45 or Above 



Faetor li Schedule/work attire 



Rotated Loadihg 



161 Irregular hours ^ 
164 Typical day and night hour i 



152 Specific unifoCTn/apparel 
160 Variable shift work 

162 Typical day hours 

163 TypiGal night hours 

158 Irregular work 

159 Regular work 
177 Travel 

155 Informal attire 

151 Business suit or dress 

156 Apparol style optional 

153 Work-clothing 



,91 

,85. 

.83 

.83 

.83 

,61 

.79 

:n 

.79 
.75 
-72 

.53 



Factor 2 1 Routine/repetitive work activities 



166 Repetitiva activities 
165 Specific work place 

167 Cycled work activities 

168 Following set procedures.,,, 
153 Work clothing 

170 Precision 

169 Time pressure of situation 



.86 
.84 
.80 
.73 
,60 
.58 
.56 



ERdC 



75 



63 
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Attribute DiTOnaion and jgb Elainants 

with Loadings of .45 or Above totated leading 



Faetor 2 (eontj 



159 Regular work .52 

157 Regular hours ' . 

' Factor 3; Job responsibility • 

180 General responsibility -.91 

182 Critioality of position " -,90 

176 Up-dating job knowledge ^ -.85 

■ . 181 Job structure -.85 

179 Responsibility-material assets -.82 

=175 Working under distractions -*61 

178 Responsibility-safety " -[4^ 

Factor 4r Attantive/discriminating work demands 

173 Vigil^ce-infrequent avonts .95 

174 Vigilance-continually changing events .91 
172 Recognition . ; .87 

171 Attention to detail ^ \ _ ' - .72 ^ 

178 Re spon s ibi 1 i t y - s a f e ty , .55 
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APPENDIX I 

Liet of Twenty PAQ Attributes Which 
Closely Match GATB Teat Data 



Cognitive attributes s 

Verbal comprehension 
Word fluency 
Oral commmunication 
Numerioal computation 
Arlthinatic reasoning . 

i Convergent thinking 

Divergent thinking 
Intelligence 

Perceptual attributes s 

Visual forrn perception 
Perceptual speed - 
Closure 

Spatial visualization 
Near visual acuity 
Par visual 'acuity 

Psychomotor attributes i 
Finger dexterity 
Manual dekterity 
tam/hand positioning 
Eye/hand coordination 
Response integration 
. Speed of limb movement 



. 77 
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PAQ Attributei Ueed as Pradictdrg E^an 
Teat Scores on Each of the Nine GAM TmBtm 



Test general intelligenca I ■ ■ . ; 

Verbal comprehension : v-' '.---i-.. 

Arithmetic reasoning . .. v • 

Convergent thinking , ' . ; : - 

Divergent thinking ■ . ' ;^ 

Intelligence v 7 

Spatial orientation - . - 

- Teat V, verbal ability* 

^Verbal coiTipreh ens ion - . 

Word fluency ^ 
Oral conutmnieation ' 

Test numerical abiXityi •:- .. ■ . ■• 

■ . Numerical coniniut.'il-ion ^ . .. 

... Arithmetic reasoning .-. .• / 

♦ Test spatial cthility I ' ; 

. ■ Visual form peruopbion . • ■ - :=-:::,; 

; Closure . '- — -- -= ^ . - ■ • - ; . . .:. r — .f'"";^^ 

Spatial visuali^riti on " 

. Test form pexceptioni ' \ 

r . - . Visual form paracipUiDn . , * ;^ . : • • ; ; 

Perceptual spGod . ^- ' : ■ ^- - 

. : •-•'ClosurG ■ , . . . . ■ v^^^^ 
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^ . : ... — — ^ _ ^ 1 

Taat form parception (cont*)^ 
Spatial visualization 
Near visual acuity 
Far visual acuity 

----- Test-Q^qlerical^perceptioriV'"^^' ' ^ ~ ' "^ -7~ — - : - 

^' _ Verbal comprehension ' 

Convergent thinking V . 

Perceptual apaed 

Near visual acuity^ ^ ^ 

• Test motor coordination: ' '„ 

Finger dexterity - ' /. • ""^ ^ 

tonual dexterity 

Arm/hand positioning -. ■ 

Eye/hand coordination 
Ha spo 

Speed of limb movement 

Teat F, finger dexterity:- . - _ - - 

. : . Finger dexterity ^ ' . . 

Manual dexterity * ■ 

Arm/hand positioning 
— - - Response integration . " ' " ■ , " ^ ' 
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Test M, manual dexterity: 
Finger dextarity 
Manual dexterity 
Jton/hand positioning 
Eye/hand CQerdination 
Responee integration^ 
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APPENDlK K " 
Population and Sample Hegresilon Equations 
for Adjusting the Crite^fiQn of Meaq.Test Soort^ 



Population equations £ 

. 45V+ , 03P" ;01Q- , 03K- . 01F+ . 01^^ 
V-1 , 39G- , 46n- , . 01P+a4Q+ . 07K+ ;0^^^ 
N^l . 45G- , 50V- . 41S+ . Oep+. 14Q4' . 06K- ;001F- . ^ 
8=1 , BIG- . 69V-> . 66N+ . 25P-^ , 06Q- , 02K+ . , OlM 
P=-; 24G+. 04V+, , 41S+* 41Q+:08K^ 
Q--- . 31 28N- . OSS+ 

K",34G+;29V+.22N-.04S+,llP+,26K+i0^ 

. 1 30+ . 04 V- , OlN+Vl SS+ . 1 7P+ * lOQ^ . Q9K+ , 37M 
* 20G- . 27V-^, . 0SS+,16P-'. OSQ+;iSK+. 39^ 

Sample aquations r 

^ . S 3V+ , 43N*r35SWD6P'^^^-^^lC-T0©a^F+ * 0Q2M 
V^1.40G--.51N-,3SS=.24P+,21Q+.29L+.01P'-*02M 
H^l . 79G--* aov-. 50S- * 06P+aOQ+. 23k+, 003F+* 003M 
• S=1*89G-,78V".72N+,27P-*140+.12K-*Q2P+.O1M 
P- . 48G» . 73V- . 11N+. 378+ . 57Q+. 2 7K+ . OOP- . DIM 
Q--:. 53G+, 80V+, 25N- . 25S+, 72^+. 15K-;05F+ . OlM'^ 
K=-l * 26G+1 . ol Va , 51N+ . 19S+ * 30P+ * 1 3Q+ . 02F+ . 06M 
Fs-. 56G+, 94V+/13N-. 48S+1* 74P- . 86Q+. 41K+. 35M 
- , 520^2; QOVH-; ISnKBIS^; 315* .202+1 IbEk 50P ^ 
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APPENDIX L 



A Subsample of Joba in the Samplte Sorted 
in Desfcending Order According to the Mean Scores 
on the dATB Motor Coordination Test, K • 



Job Name MSS!LJ£^ 

Biologist ' . 2^25 

Prograrmncr analyst 119 

PharTnacifit 119 

Personnel intefvievmr 117 

iPool clerk 11? 

Life innurajice compenfjation analyst 117 

Job analyst 116 

Salary administration nnalyst lie 

State school cafiQwoLrkc-?' 115 

Computer operator 114 

Clerk^stenograi^hcr ll3 

Statistical typist ' 113 

Electrical project" enyinrer 113 



Accountant — 


112 


Auditor 


112 


Industrial artist 


lii 


Supermarkat cashier 


. .^:^aio 


Police patrolman 


109 


Keypunch operajLor 


108 


Telephone- oper/utor 


106 


Punch press operator 


95 


Plumber 


92 


Ironworker 


86 
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